SUMMARy A simple histochemical procedure for assessing relative amounts of neutral and acidic sugars in mucin glycoproteins, and its application in the study of cyclical changes of human cervical mucins, is described. This procedure, the saponification/selective periodate oxidation/borohydride reduction/alcian blue pH 2-5/periodic acid Schiff (KOH/PA*/Bh/Ab 2-5/PAS) method, uses a selective oxidation step to remove the PAS positivity of sialic acid; thus only neutral sugars stain positively with PAS, and acidic sugars (0-sulphate esters and carboxyl groups) stain with alcian blue. This differs from the KOH/Ab/PAS technique which stains sialic acid residues with both alcian blue and PAS. Applying the KOH/PA*/Bh/Ab 2-5/PAS technique to the study of cyclical changes of human cervical mucins, a decreased neutral:acidic sugar ratio in the secretory phase mucins compared with those of the proliferative phase was found. This difference was not seen with KOH/ Ab/PAS staining in the same cases.
The alcian blue pH 2-5/periodic acid Schiff (Ab 2-5/ PAS) technique of Mowry' stains magenta sugars with oxidisable vicinal diols and anionic groups (carboxyl and 0-sulphate esters) aquamarine blue (aqua). Sialic acids contain both vicinal diols and carboxyl groups and stain purple. Consequently it may be difficult to use the Ab 2-5/PAS method for the histochemical assessnient of the relative proportion of neutral and acidic sugars in mucins because changes in sialic acid concentration can be obscured by the dual staining of this residue.
During studies on the histochemical analysis of human cervical and intestinal mucin glycoproteins, it became important to develop a more specific procedure for assessing relative quantities of neutral and acidic sugars in such mucins. Several studies have shown that under certain conditions sialic acids can be selectively oxidised with periodate ion.2' Recently Volz et afi have shown that treatment with 0-4 mM periodic acid in about 1 M hydrochloric acid for one hour at 4°C (selective periodate oxidation (PA*)) will completely oxidise all sialic acid residues without Accepted for publication 21 April 1988 producing noticeable Schiff reactivity in carbohydrate polymers containing only neutral sugars.78
In this paper we describe the use of PA* in the development of a histochemical technique, the saponification/selective periodate oxidation/borohydride reduction/Ab 2 5/PAS (KOH/PA*/Bh/Ab 2-5/PAS) technique, for the assessment of the relative quantities ofacidic sugars (0-sulphate esters, carboxyl groups) and "neutral sugars" with periodate oxidisable vicinal diols (hexoses, 6-deoxyhexoses, N-acetyl hexosamines) and its application to human cervical mucin.
Material and methods
Specimens of Sprague-Dawley rat liver, salivary glands (sublingual, submandibular, and parotid), and gastrointestinal tract, obtained fresh at necropsy, were fixed in 10% formalin-calcium for periods in excess of seven days. After fixation "swiss rolls" were prepared from the colon and the entire small intestine plus a strip of stomach.9 All the tissues were routinely processed in paraffin wax and embedded in Paraplast. Studies were also performed on formalin fixed, paraffin wax processed blocks of surgical specimens of a human stomach, cervix, and colonic adenocarcinoma containing adjacent normal tissue. Specimens of normal cervix (n = 46) were obtained from hysterectomy specimens and specimens of endometrium from each case were independently phased according to accepted histological criteria'" by two of the authors (CBG, PBC). Sections cut at a thickness of 5 gm were stained with haematoxylin and eosin, the Ab 2-5/PAS method of Mowry,' and the PA*/Bh/Ab 2-5/PAS method described below. The latter two staining procedures were preceded by saponification with 0-5% potassium hydroxide in 70% ethanol for 15 minutes.
The Neutral sugars stain magenta; sialic acid carboxyl groups and 0-sulphate esters stain aqua; mixtures of acidic and neutral sugars stain shades of purple.
Staining of cervical mucin was graded on a scale from I (aqua) to 5 (magenta). Observations were made by two observers using a co-observation bridge and a consensus result was recorded.
Raw data were analysed by the Mann-Whitney U test'4 and p values of < 0 05 for the two tailed test were considered to be significant.
Results
The results of staining of the different control tissues from Sprague-Dawley rats agreed with the known distribution of stainable sugars.7'"5 The sialoglycoprotein of rat sublingual gland stained blue while the neutral glycoprotein of the submandibular gland stained magenta. The neutral mucin of the stomach stained strongly magenta but small amounts of blue mucin were present at the base of gastric pits. In contrast, the goblet cell sialosulphomucins of the duodenum stained purple while the neutral mucins of the Brunner's glands stained magenta. The goblet cells at the bases of the crypts of the rat descending colon stained bluer than those located more superficially in the crypts. In sections of colonic adenocarcinoma stained with KOH/PA*/Bh/Ab 2.5/PAS, pools of predominantly extracellular mucin within the tumour stained magenta while the mixed acidic and neutral sugars of the adjacent transitional epithelium'6 stained purple. Glycogen in rat liver stained strongly magenta; this staining was eliminated by diastase digestion.
Comparing cervices from proliferative phase and luteal phase, a significant (0-02 < p < 0 05) difference in the neutral:acidic sugar ratio was seen with more acidic sugar present in the secretory phase while no significant difference was seen with KOH/Ab 2 5/PAS staining (figure). Overall, there was more intense PAS positivity with the KOH/Ab 2-5/PAS technique corroborated by higher neutral:acidic sugar ratios. Sialic acid will be PAS positive using this technique.
Discussion
The KOH/PA*/Bh/Ab 2.5/PAS method specifically stains neutral and acidic sugars magenta and aqua, respectively. Application of this technique to specimens of human endocervix shows significant changes in the ratio of neutral:acidic sugars during the menstrual cycle. 
